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AMPLIFIER SYSTEM HAVING SIGNAL GAIN
INDEPENDENT OF A REFERENCE VOLTAGE

This invention relates to electronic circuit compo- 5
nents and more particularly to an amplifier system hav-
ing signal gain independent of a reference voltage.

BACKGROUND OF THE INVENTION

In certain types of instrumentation, such as involved
in analog to digital converters, it is desirable to have a
reference voltage applied to an amplifier system that
does not change in value when the gain of the amplifier
is changed. With such an arrangement, a differential
signal can be applied to the amplifier and the gain of the
amplifier can be adjusted so that only the signal is ampli-
fied and the reference voltage is not amplified.

BRIEF DESCRIPTION OF THE PRESENT
INVENTION

With the foregoing in mind, the present invention
contemplates a specifically designed amplifier system
wherein a signal can be amplified without affecting a
reference voltage.

Briefly, the system comprises first and second opera-
tional amplifiers each having an output and positive and
negative inputs with appropriate first and second nega-
tive feedback resistances connected respectively be-
tween the outputs and negative inputs. The differential
signal i1s applied to the positive input terminals of the
amplifiers. A resistance means across which a reference
voltage 1s applhied includes a center resistance tapped on
either side to the negative terminals of the operational
amplifiers to bias these negative inputs to plus and
minus values of the reference voltage. The gain of the 35
amplifier system 1s adjusted by adjusting the value of
the center resistance with the result that the output
signal can be amplified without affecting the output
reference voltage.

BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of this invention will be had
by now referring to the accompanying drawings in
which:

FIG. 1 1s a circuit diagram of the amplifier system of 45
this invention;

FIG. 2 illustrates output signals resulting from a first
setting of the gain of the amplifier system; and,

FIG. 3 illustrates output signals resulting from a sec-
ond setting of the gain of the amplifier system.

DETAILED DESCRIPTION OF THE
INVENTION

Referring first to FIG. 1, the amplifier system in-
cludes first and second operational amplifiers 10 and 11
each having an output 12 and 13 respectively and posi-
tive and negative inputs 14, 15 and 16, 17 respectively.

First and second negative feedback fixed value resis-
tances 18 and 19 connect respectively between the out-
puts 12 and 13 and the negative inputs 16 and 17 as
shown.

The circuit 1s completed by the provision of resis-
tance means across which a reference voltage Vs is
applied. These resistance means includes a center resis-
tor 20 with taps on either side connecting to the nega-
tive input leads 16 and 17 of the operational amplifiers.
Also included are outer fixed value resistances 21 and
22 connected to the taps leading to the inputs 16 and 17
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of the amplifiers as shown. The negative inputs of the
amplifiers are thus biased between plus and minus val-
ues of the reference voltage Vs. The center resistance 20
1s variable as indicated by the arrow tap and controls
the gain of the amplifier system.

A differential input signal 25 shown to the left of
FIG. 1 and designated as Ei is applied to the positive
terminals 14 and 15 of the operational amplifiers by way
of input leads 23 and 24 respectively. In the particular
circuit depicted in FIG. 1 there is also shown a switch
S-1 in the input lead 23 for purposes of shunting the
input positive terminals of the operational amplifiers for
reasons as will become clearer as the description pro-
ceeds.

For convenience in describing the operation of the
circuit of FIG. 1, the feedback resistances 18 and 19 are
shown as equal to one half a resistance designated Rf
while the variable center resistance 20 is designated R1
and the two outer resistances which are equal are desig-
nated each as one half a resistance value R2. The plus
and minus biasing of the negative input terminals of the
amplifiers are accomplished by a plus reference voltage
Vs/2 at the top of the resistance means and a —Vs/2 at
the bottom of the resistance means. The voltage drop
across the center resistance R1 is designated vr and the
output signal between the outputs 12 and 13 of the oper-
ational amplifiers constitutes the sum of the output sig-
nal Eo and a reference voltage Vr. The overall amplifi-
cation or gain of the amplifier system is designated by
the letter A, each operational amplifier 10 and 11 pro-
viding an amplification of A/2.

From the interconnections of the various resistances

in the circuit of FIG. 1, the following relationship is
immediately apparent:

Yo R 1 (1)
RIR2  R2 Rl
R1 4 R2 R14+ R2

That 1s, the gain or amplification equals the ratio of
the sum of the two feedback resistances to the equiva-
lent resistance of R1 and R2 in parallel.

In addition, the ratio of the voltage drop Vr across R1
to the reference voltage Vs across R1 and the two resis-
tances 21 and 22 each having a value R2/2, is given by:

vv Rl or Vs 1 (2)
Vs — Rl + R2 vve Rl
Rl + R2

Substituting Vs/vr for

1
R1

R1 + R2
in Equation (1) yields:

Vs
vr

(3)

4 = BL
R2

Since Vr = Avr substituting the value for A in Equa-
tion (3) yields:

Ve — ys RL. (4)

R2
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From Equation (4), it is thus evident that the ampli-
fied reference Vr is proportional to the ratio of the
feedback resistance Rf divided by the reference resis-
tance R2, times the applied reference voltage Vs, all of
which are of fixed values and thus independent of the

gain A of the amplifier system.
Referring to FIG. 2, there is shown the output of the

amplifier system for an input differential signal E/ de-
picted at 25 in FIG. 1 for a given gain A1l for the ampli-
fier system as set by the resistance R1. Before the input
signal is applied, the output is a differential voltage Vr,
half of which comes from each side of the operational
amplifiers. These are constant values. When the input
signal E! is applied, the signal adds or subtracts from the
amplified reference voltage Vr and appears as two inde-
pendent signals 26 and 27 out of phase with each other.

When the gain of the amplifier system is changed by
adjusting the resistance R1 to an increased gain; for
example, A2, the gain associated with the amplitier
input signal E/ is changed; that is, the output signal is
increased as illustrated by the two amplified signals 28
and 29 again out of phase with each other, the same
riding the reference voltage Vr signals. It will be noted,
however, that the reference voltage Vr is unchanged
from the condition of FIG. 2 to the condition of FIG. 3

wherein the gain of the amplifier system has been in-
creased to increase the amplification of the input signal.
If R1 is set to a constant value, it will be evident from

previous Equations (2) and (4) that:

4= _ 1 (5)
— w Vs R
Rl + R2
Further,
___Eo (6)
4 ="F

From the foregoing two Equations

. _Eo R] (7)
Ei=-p—= -Vs(RT 1+ R

Thus, Ei/ is defined by measuring the ratio of the
output voltages (Eo/Vr) times the voltage constant Vs
and the resistance ratio ( R1/R14R2) which, for ampli-
fiers having open loop gains in excess of 20,000, 1s inde-
pendent of the amplifier gain characteristics.

The value for Vr is determined by measuring this
voltage when the input terminals to the operational

amplifiers 23 and 24 of FIG. 1 are shorted together.
This shorting can be accomplished by providing a
shunting switch S-1 as shown in the first input lead 23 in
FIG. 1 which, when thrown to the dotted line position
simply shunts the first and second input terminals.
From all of the foregoing, it will thus be evident that
the foregoing invention has provided an amplifier sys-

5

10

20

25

30

35

45

50

35

65

4

tem wherein it is possible to vary the gain of an input
signal without affecting a desired reference voltage.

I claim:

1. Am amplifier system to which a reference voltage
and differential input signal are applied and wherein the

gain of said amplifier system can be varied to vary the
amplification of said differential input signal without

affecting said reference voltage, including, in combina-
tion:

(a) first and second operational amplifiers having
outputs and positive input terminals and negative
input terminals;

(b) first and second negative feedback fixed value
resistances connected directly between the outputs
and negative input terminals of said operational
amplifiers respectively; and

(c) resistance means across which said reference volt-
age is applied, said resistance means including a
center resistance with tap points on either side
connecting to the negative input terminals to bias
the negative input terminals of said operational
amplifiers respectively between plus and minus
values of said reference voltage and two outer
fixed value resistances connected to opposite ends
of said center resistance respectively, said differen-
tial input signal being supplied to the positive input
terminals of said amplifiers, the gain of said ampli-
fier system being adjusted by adjusting the value of
said center resistance, the gain in each operational
amplifier always being equal to the gain in the
other and varying simultaneously therewith in the
same direction.

2. A system according to claim 1, in which said first
and second negative feedback fixed value resistances
each have a value Rf/2, said center resistance having a
value R1 for a given gain setting of A and said outer
resistances each having a value of R2/2 and wherein
said reference voltage applied across said resistance
means is Vs and the reference voltage at the output
terminals in the absence of any given input signal is V7,
said reference voltage Vr at the output terminals being

defined by:

Vr=Vs Rf/R2

whereby said reference voltage Vr is independent of
changes in the gain A of said amplifier system resulting

from changing the value of R1.
3. The system of claim 2, including first and second

input leads connected to said positive input terminals of
said first and second operationsl amplifiers respectively,
said first input lead having switch means for shunting
said first terminal to said second terminal, said reference
voltage at said output terminals being measured when

said switch means is in said shunting position.
£ x X » %k
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